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GAS DIFFD SION STIR.STRATE AND FXECTRODE 



The present invention relates to an improved electrically conducting gas diffusion 
substrate and electrode comprising said substrate, suitable for use in particular in proton 
exchange membrane fuel cells. The invention further relates to a membrane electrode 
assembly and fuel cell comprising said substrate or electrode. 

Electrochemical cells invariably comprise at their fundamental level a solid or 
liquid electrolyte and two electrodes, the anode and cathode, at which the desired 
electrochemical reactions take place. A fuel cell is an energy conversion device that 
efficiently converts the stored energy of its fuel into electrical energy by combining 
hydrogen, stored as a gas, or methanol, stored as a liquid or gas, with oxygen to generate 
electrical power. The hydrogen or methanol is oxidised at the anode and oxygen reduced at 
the cathode. In these cells gaseous reactants and/or products have to be diffused into and/or 
out of the cell electrode structures. The electrodes therefore are specifically designed to be 
porous to gas diffusion in order to optimise the contact between the reactants and the 
reaction sites in the electrode to maximise the reaction rate. An electrolyte is required 
which is in contact with both electrodes and which may be alkaline or acidic, liquid or 
solid. In a solid polymer fuel cell (SPFQ, also known as a proton-exchange membrane 
fuel cell (PEMFCs), the electrolyte is a solid proton-conducting polymer membrane, 
commonly based on perfluorosulphonic acid materials. These electrolytes must be 
maintained in a hydrated form during operation in order to prevent loss of ionic conduction 
through the electrolyte; this limits the operating temperature of the PEMFC to between 
70 °C and 120°C, depending on the operating pressure. The PEMFC does, however, 
provide much higher power density output than the other fuel cell types, and can operate 
efficiently at much lower temperatures. Because of this, it is envisaged that the PEMFC 
will find use in vehicular power generation and small-scale residential power generation 
applications. In particular, vehicle zero-emission regulations have been passed in areas of 
the United States that are likely to restrict the use of the combustion engine in the future. 
Pre-commercial PEMFC-powered buses and prototype PEMFC-powered vehicles are now 
being demonstrated for these applications. 
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Due to the relatively low operating temperatures of these systems, the oxidation 
and reduction reactions require the use of catalysts in order to proceed at useful rates. 
Catalysts, which promote the rates of electrochemical reactions, such as oxygen reduction 
and hydrogen oxidation in a fuel cell, are often referred to as electrocatalysts. Precious 

5 metals ,_in_particular _plat inum hav.e__been_f ound_ to_b.e__the_most_eff icient_ and_stable_ 

electrocatalysts for all low-temperature fuel cells operating below 300**C. The platinum 
electrocatalyst is provided as very small particles (-20-50A) of high surface area, which 
are often, but not always, distributed on and supported by larger macroscopic conducting 
carbon particles to provide a desired catalyst loading. Conducting carbons are the 
10 preferred materials to support the catalyst. 

In the PEMFC the combined laminate structure formed from the membrane and 
the two electrodes is known as a membrane electrode assembly (MEA), The MEA will 
typically comprise several layers, but can in general be considered, at its basic level, to 

15 have five layers, which are defined principally by their function. On either side of the 
membrane an anode and cathode electrocatalyst is incorporated to increase the rates of the 
desired electrode reactions. In contact with the electrocatalyst containing layers, on the 
opposite face to that in contact with the membrane, are the anode and cathode gas 
diffusion substrate layers. The anode gas diffusion substrate is designed to be porous and 

20 to allow the reactant hydrogen or methanol to enter from the face of the substrate exposed 
to the reactant fuel supply, and then to diffuse through the thickness of the substrate to the 
layer which contains the electrocatalyst, usually platinum metal based, to maximise the 
electrochemical oxidation of hydrogen or methanol. The anode electrocatalyst layer is 
also designed to comprise some level of the proton conducting electrolyte in contact with 

25 the same electrocatalyst reaction sites. With acidic electrolyte types the product of the 
anode reaction are protons and these can then be efficiently transported from the anode 
reaction sites through the electrolyte to the cathode layers. The cathode is also designed 
to be porous and to allow oxygen or air to enter the substrate and diffuse through to the 
electrocatalyst layer reaction sites. The cathode electrocatalyst combines the protons with 

30 oxygen to produce water. Product water then has to diffuse out of the cathode structure. 
The structure of the cathode has to be designed such that it enables the efficient removal 
of the product water. If water builds up in the cathode, it becomes more difficult for the 
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reactant oxygen to diffuse to the reaction sites, and thus the performance of the fuel cell 
decreases. In the case of methanol fuelled PEMFCs, additional water is present due to the 
water contained in the methanol, which can be transported through the membrane from 
the anode to the cathode side. The increased quantity of water at the cathode requires 
removal. However, it is also the case with proton exchange membrane electrolytes, that if 
too much water is removed from the cathode structure, the membrane can dry out and the 
performance of the fuel cell also decreases. 

The complete MEA can be constructed by several methods. The electrocatalyst 
layers can be bonded to one surface of the gas diffusion substrates to forai what is known 
as a gas diffusion electrode. The MEA is then formed by combining two gas diffusion 
electrodes with the solid proton-conducting membrane. Alternatively, the MEA may be 
fonmed from two porous gas diffusion substrates and a solid proton-conducting polymer 
membrane catalysed on both sides; or indeed the MEA may be formed from one gas 
diffusion electrode and one gas diffusion substrate and a solid proton-conducting polymer 
catalysed on the side facing the gas diffusion substrate. 

Gas diffusion substrates or electrodes are employed in many different 
electrochemical devices in addition to fuel cells, including metal-air batteries, 
electrochemical gas sensors, and electrochemical reactors for the electrosynthesis of useful 
chemical compounds. 

In most practical fuel cell systems, the hydrogen fuel is produced by converting a 
hydrocarbon-based fuel (such as methane) or an oxygenated hydrocarbon fuel (such as 
methanol) to hydrogen in a process known as reforming. This fuel, referred to as 
reformate, contains (in addition to hydrogen) high levels of carbon dioxide (CO2), of 
around 25%, and small amounts of impurities such as carbon monoxide (CO), typically at 
levels of around 1%. For fuel cells operating at temperatures below 200*^0, and especially 
for the PEMFC operating at temperatures around 100**C, it is well known that CO, even at 
levels of 1-lOppm, is a severe poison for the platinum electrocatalysts present in the 
electrodes. This leads to a significant reduction in fuel cell performance, Le. the cell 
voltage at a given current density is reduced. This deleterious effect is more pronounced m 
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PEMFCs operating at lower temperatures. 

Various methods have been employed to alleviate anode CO poisoning. For 
example, reformer technology has been redesigned to include an additional catalytic 
5 reactor, known as a preferential or selective oxidation reactor. This involves the injection 
of air or oxygen into the hydrogen-containing reactant gas stream, prior to it passing over a 
selective oxidation catalyst, to oxidise the CO to COj. This can reduce the levels of CO 
from 1-2% down to below lOOppm. However, even at these levels, the anode 
electrocatalyst in the PEMFC is still poisoned. 

10 

A further method to alleviate CO poisoning is to use an electrocatalyst that itself 
has a degree of tolerance to CO, for example Pt/Ru as described by Niedrach et al in 
Electrochem. Technol., 5, 318, (1967). However, again, it is not possible to fully attain the 
perfomiance observed when using pure hydrogen Le, in the absence of CO in the fuel 
15 stream, using this approach in isolation. 

It has also been found that poisoning of the electrocatalyst by GO at levels of 1- 
lOOppm can be reduced by the use of an oxygen or air bleed directly into the anode gas 
stream just before it enters the anode chamber of the fuel cell itself. This is described by 
20 Gottesfeld and Pafford in J. Electrochem. Soc, 135, 2651 et seq (1988). This technique is 
believed to have the effect of oxidising the residual CO in the fuel to CO2, the reaction 
being catalysed by electrocatalyst sites present in the anode: 

C0 + ViOj^COj 

25 

This technique provides fuel cell performance that is much closer to the performance 
observed when no CO is present in the fuel stream. 

An improved stmcture in combination with the use of an air bleed is tO:add to the 
30 substrate a second catalyst (a "gas phase catalyst") that will oxidise CO in the presence of 
hydrogen, for example as described in European Patent 0736921. The use of the additiohal^ 
gas phase catalyst gives improved performance of the electrode over the corresponding 
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electrode without a gas phase catalyst. However, if the gas phase catalyst is supported on a 
conducting carbon support as described in EP 0736921, it may not be possible to isolate 
the gas phase catalyst from the overall electrode potential. The presence of oxygen on the 
gas phase catalyst particles will induce the gas phase catalyst potential to tend towards a 
more oxidising, i.e. higher, potential. Overall the electrode could then exhibit a mixed cell 
potential higher than the hydrogen oxidation potential, leading to a loss of electrode 
efficiency. Likewise, the electronic conductivity can also lead to a pinning of the potential 
of the selective oxidation catalyst to the low potential of the anode, which is close to the 
hydrogen oxidation potential. This will affect the ability of the selective oxidation catalyst 
to oxidise CO even in the presence of oxygen. 

The use of a gas phase catalyst still requires the presence of an air bleed and there 
are concems over the long-term sustainability of the cell performance when this approach 
is employed. This is particularly the case if high levels of air bleed, equivalent to 4% and 
above of the total reformate fuel volume, are required. 

The object of the present invention is to provide an electrically conducting gas 
diffusion substrate and electrode capable of removing oxidisable impurities from a gas 
stream, in which the gas phase catalyst is unable to participate in the electrochemical 
reaction. This allows optimum performance for both the gas phase catalyst and the 
electrocatalyst in the electrode because catalyst potentials are then independent of each 
other. Thus, either a lower level of air bleed is required to give the same performance, or 
using conventional levels of air bleed, a higher performance is obtained. 

Accordingly, the present invention provides an electrically conducting gas 
diffusion substrate comprising an electrically conducting porous structure and a first 
catalytic component, characterised in that the first catalytic component comprises a first 
catalyst supported on an electrically non-conducting support. 

The electrically conducting porous structure may be a woven or non-woven 
fibrous material. For example, the porous stmcture may be a rigid carbon fibre paper, such 
as the TOP Series produced by Toray Industries; a woven carbon cloth, such as PWB-3 
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produced by Zoltek; or a non-woven carbon fibre structure, such as Optimat 203 produced 
by Technical Fibre Products. Alternatively, the porous structure may be formed from a 
polymer; for example an expanded polymer mesh as described in WO98/27606. 
Alternatively, the porous structure may be a metal mesh, for example of nickel or steel. 

— § l^e eleetrieal~eonduetivity-of-the-porous stnicture may-be-improved-by-the-ad 

filler material. Suitably, the filler material comprises a particulate carbon and a polymer, 
the carbon suitably being in the form of a powder. The carbon powder may be any of the 
materials generally designated as carbon black such as acetylene blacks, furnace blacks, 
pitch coke based powders and graphitised versions of such materials. Suitably also both 

10 natural and synthetic graphites may be used in this application. Such materials may be 
used either alone or in combination. The particulate carbon, or carbons, in the fill are held 
together by one or more polymers. The polymeric materials used will contribute to the 
essential electrode structural properties such as pore size distribution, 
hydrophobic/hydrophilic balance and physical strength of the gas diffusion layer. 

15 Examples of such polymers include polytetrafluoroethylene (PTFE), fluorinated ethylene- 
propylene (FEP), polyvinylidene difluoride (PVDF), Viton A, polyethylene, 
polypropylene, ethylene-propylene. The preferred final polymer is PTFE or FEP. The filler 
material is suitably embedded within the porous structure. 

20 Suitably, the first catalyst is a gas-phase catalyst designed to remove contaminant 

gases in the fuel or oxidant feed streams, such as for example carbon monoxide in the 
hydrogen fuel when this is supplied from a reformer. Suitably, the first catalyst may be a 
noble metal, for example platinum, palladium, ruthenium or rhodium, or a non-noble 
metal, for example chromium, molybdenum, nickel or manganese, or a combination of one 

25 or more noble metals and/or non-noble metals. The first catalyst is supported on an 
electrically non-conducting support, which is suitably an oxidic support such as alumina, 
silica, ceria or zireonia. 

The first catalytic component may either be embedded within the porous structure 
30 or may be applied to the porous structure as a surface layer. If applied to the porous 
structure as a surface layer, the first catalytic component is suitably applied as a mixture 
with electrically conducting particles, for example carbon particles such as carbon black. If 
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the first catalytic component is embedded within the porous structure, the first catalytic 
component may optionally be mixed with electrically conducting particles. 

The electrically conducting gas diffusion substrate of the invention may be 
prepared by taking a pre -formed porous structure, with or without the addition of a filler 
material, and subsequently in-filling with the first catalytic component or by applying the 
first catalytic component as a surface layer. If the first catalytic component is embedded 
within the porous structure, the majority of the catalytic component will be forced into the 
structure of the porous structure, although a small quantity may remain on the surface. The 
first catalytic component may be embedded within the porous structure by conventional 
methods known in the art, for example as filtration, powder vacuum deposition, spray 
deposition, elect rodeposition, extrusion, printing, rolling, K-bar, doctor blade methods, or 
thin-film casting. If the first catalytic component is applied to the surface of the electrically 
conducting porous structure, optionally mixed with electrically conducting particles, this 
too may be carried out using conventional methods known in the art, for example as 
filtration, powder vacuum deposition, spray deposition, electrodeposition, extrusion, 
printing, rolling, K-bar, doctor blade methods, or thin-film casting. 

Alternatively, in the case of a non-woven fibre structure being used, the gas 
diffusion substrate may be prepared in a single step process by adapting a continuous 
manufacturing technique, for example paper making, or extrusion or pultrusion. 

A second aspect of the present invention provides a gas dijtfusion electrode 
comprising an electrically conducting gas diffusion substrate as hereinbefore defined and a 
second catalytic component. 

Preferably, the second catalytic component comprises an electrocatalyst which 
facilitates the electrochemical reaction, and may be, for example, a precious metal or a 
transition metal as the metal or metal oxide, either unsupported or supported in a dispersed 
form on a carbon support; an organic complex, in the form of a high surface area finely 
divided powder or fibre; or a combination of these options. Most suitably, the second 
catalytic component is a platinum/ruthenium alloy supported on carbon black or platinum 
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When functioning as a gas diffusion electrode, the first catalytic component is 
unable to partake in the electrochemical reaction since the first catalyst is supported on an 
^5 erectricallynon-conducting'supportranTl'thu's^^ 

The electrode of the invention may be used either as the anode or the cathode; 
suitably it is used as the anode and the first catalytic component is selected to remove CO » 
from an impure hydrogen feed. If used as a cathode, the first catalytic component is 
10 selected to remove any oxidisable impurities, whether airborne or unreacted fuels crossing 
over from the anode. 

The second catalytic component may either be applied to the gas diffusion 
substrate as a separate layer, the first catalytic component either being embedded within the 

15 porous structure or applied as a surface layer. Alternatively, the second catalytic 
component may be applied to the porous structure as a surface layer mixed with the first 
catalytic component. If the first and second catalytic components are mixed prior to 
application to the porous substrate, there may or may not be an additional electrically 
conducting substance included in the mixed layer, since this property will be provided by 

20 second catalytic component. 

The second catalytic component, whether applied separately or mixed with the 
first catalytic component may be applied to the gas diffusion substrate or porous stmcture 
by conventional methods known in the art, for example by filtration, powder vacuum 
25 deposition, spray deposition, electrodeposition, extrusion, printing, rolling, K-bar, doctor 
blade methods, or thin-film casting. 

A third aspect of the invention provides a membrane electrode assembly 
comprising a gas diffusion electrode of the invention as hereinbefore defined and a second 
30 gas diffusion electrode which may or may not be an electrode according to the invention, 
and a solid polymer membrane, for example Nafion®. Altematively, the invention provides 
a membrane electrode assembly comprising a gas diffusion electrode of the invention as 
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hereinbefore defined, a gas diffusion substrate which may or may not be a substrate 
according to the invention and a solid polymer membrane, for example Nafion®, wherein 
an electrocatalyst layer is applied to the side of the membrane facing the gas diffusion 
substrate. Alternatively, the invention provides a membrane electrode assembly comprising 
a gas diffusion substrate of the invention as hereinbefore defined, a gas diffusion electrode 
which may or may not be an electrode according to the invention and a solid polymer 
membrane, for example Nafion®, wherein an electrocatalyst layer is applied to the side of 
the membrane facing the gas diffusion substrate. Alternatively, the invention provides a 
membrane electrode assembly comprising a gas diffusion substrate of the invention as 
hereinbefore defined and a second gas diffusion substrate which may or may not be a 
substrate according to the mvention, and a solid polymer membrane, for example Nafion®, 
wherein an electrocatalyst layer is applied to both sides of the solid polymer membrane. 

A still further aspect of the invention provides a fuel cell comprising a gas 
diffusion substrate according to the present invention. A yet further aspect provides a fuel 
cell comprising a gas diffusion electrode according to the present invention. A yet further 
aspect provides a fuel cell comprising a membrane electrode assembly according to the 
present invention. 

The invention will now be further described with reference to the following 
examples. 

COMPARATIVE EXAMPLE 1 - Pt(Pt/Ru) 

A fuel cell anode was prepared as described in Example 1 of EP 0 736 921 with a 
gas phase catalyst layer prepared from 20wt%Pt catalyst supported on Shawinigan carbon, 
to give a platinum loading of 0.2 mgcm"^ of Pt, and a platinum/ruthenium electrocatalyst 
with metal loadings of 0.27 mgcm'^ of Ft and 0.14 mgcm"^ of Ru. 

EXAMPLE 1 . (Rh/Aluinina)/(Pt/Ru) 

A catalyst containing rhodium supported on alumina, such that the nominal 
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rhodium loading is 5 wt%, was purchased from Johnson Matthey Alfa (Type 524, nominal 
surface area 141mV^)- A PTFE containing ink (35 wt% solids w.r.t. catalyst weight) was 
prepared from the alumina-supported rhodium catalyst by a method similar to that 
described in EP 0 736 921. A layer of the rhodium ink was applied to a first side of a pre- 
teflonat"ea"Tofa>rTPG90~paper to"gi\^ Wloading^f 0712 mgcm"Vsuch~that~The^hoaium 
ink was embedded within the Toray paper, thus enabling electronic conductivity through 
the substrate. The electrocatalyst ink was prepared comprising a PtRu alloy catalyst at 
nominal loadings of 20 wt%Pt and 10 wt% Ru loading supported on Cabot Vulcan XC72R 
by a similar method to that described in Comparative Example 1. The electrocatalyst ink 
10 was applied to the second side of the Toray paper substrate at a loading of 0.29 mgcm'^ of 
Pt and 0.15 mgcm'^ of Ru. 

SAMPLE EVALUATION 

15 From the anodes prepared as detailed in Comparative Example 1 and Example 1, 

two membrane electrode assemblies were prepared using Nafion 115 membranes and 
conventional cathodes with nominal Pt loadings of 0.75 mgcm ^ The MEA was prepared 
by hot-pressing the membrane between the anode and the cathode. Samples were then 
conditioned in single cells overnight and the performance in synthetic reformate of the 

20 composition 100 ppm CO/Hydrogen was recorded. Figures 1 and 2 show the performance 
data for the MEAs of Example 1 and Comparative Example 1 respectively. Initially, the 
performance on pure hydrogen and air (at the cathode) is recorded. After several minutes, 
the anode gas stream is switched to lOOppm/hydrogen which causes a degradation of the 
cell voltage by approximately 220 mV for Example 1 and 200 mV for Comparative 

25 Example 1. After the performance has stabilised, air bleeds of increasing levels, starting at 

1%, are applied. Example 1 shows slow recovery of the perfomiance loss but almost ^ 
perfect recovery at 2% air bleed. Comparative Example 1 exhibits a performance still 80 
mV lower than that with pure hydrogen at air bleed levels of up to 2%. Only at 5% air 
bleed level near-complete recovery is observed. 



30 
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1. An electrically conducting gas diffusion substrate comprising an electrically 
conducting porous structure and a first catalytic component, characterised in that the first 

5 catalytic component comprises a first catalyst supported on an electrically non-conducting 
support. 

2. A gas diffusion substrate according to claim 1 wherein the first catalyst is a gas- 
phase catalyst. 

10 

3. A gas diffusion substrate according to claim 1 or claims 2 wherein the first 
catalyst is one or more noble metals or non-noble metals or a combination thereof. 

4. A gas diffusion substrate according to any preceding claim wherein the first 
15 catalyst is one or more metals selected from the group consisting of platinum, palladium, 

mtheniumy rhodium, chromium7"molybdenum, nickel and manganese or a combination 
thereof- 

5. A gas diffusion substrate according to any preceding claim wherein the 
20 electrically non-conducting support is an oxidic support. 

6. A gas diffusion substrate according to claim 5 wherein the oxidic support is 
alumina, silica, ceria or zirconia. 

25 7. A gas diffusion substrate according to any preceding claim, wherein the porous 
structure is a woven or non-woven fibrous material. 

8. A gas diffusion substrate according to any one of claims 1 to 6, wherein the 
porous structure is fomied from a polymer. 

30 

9. A gas diffusion substrate according to any one of claims 1 to 6, wherein the 
porous structure is a metal mesh. 

I 
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10. A gas diffusion substrate according to any one of claims 7, 8 and 9 wherein the 
porous structure further comprises a filler material. 

11. A gas diffusion substrate according to any preceding claim wherein the first 
5 catalyti"c"'co'mp'onentis^emb'e'dde^^ porous structurer 

12. A gas diffusion substrate according to any one of claims 1 to 10 wherein the first 
catalytic component is applied to the porous structure as a surface layer. 

10 13. A gas diffusion substrate according to claim 12 wherein the first catalytic 
component is mixed with electrically conducting particles. 

14. A process for the preparation of a gas diffusion substrate according to any 
preceding claim, said process comprising in-filling a pre -formed porous structure with the 

15 first catalytic component or applying the first catalytic component to the surface of a pre- 
formed porous structure. 

15. A gas diffusion electrode comprising an electrically conducting gas diffusion 
substrate as claimed in any one of claims 1 to 13 and a second catalytic component. 

20 

16. A gas diffusion electrode according to claim 15 wherein the second catalytic 
component comprises an electrocatalyst. 

17. A gas diffusion electrode according to claim 15 or claim 16 wherein the second 
25 catalytic component is a precious metal or a transition metal as the metal or metal oxide, 

either unsupported or supported in a dispersed form on a carbon support; a carbon or an 
organic complex , in the fonn of a high surface area finely divided powder or fibre, or a 
combination of thereof. 



30 



18. A gas diffusion electrode according to claim 17, wherein the second catalytic 
component is a platinum/ruthenium alloy supported on carbon black or platinum supported 
on carbon black. 
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19. A membrane electrode assembly comprising a gas diffusion electrode as claimed 
in any one of claims 15 to 18 and a second gas diffusion electrode which may or may not 
be an electrode as claimed in any one of claims 15 to 18, and a solid polymer membrane. 

5 

20. A membrane electrode assembly comprising a gas diffusion electrode as claimed 
in any one of claimsl5 to 18, a gas diffusion substrate which may or may not be a substrate 
as claimed in any one of claims 1 to 13 and a solid polymer membrane, wherein an 
electrocatalyst layer is applied to the side of the membrane facing the gas diffusion 

10 substrate. 

21. A membrane electrode assembly comprising a gas diffusion substrate as claimed 
in any one of claims 1 to 13, a gas diffusion electrode which may or may not be an 
electrode as claimed in any one of claims 15 to 18 and a solid polymer membrane, wherein 

15 an electrocatalyst layer is applied to the side of the membrane facing the gas diffusion 
substrate. 

22. A membrane electrode assembly comprising a gas diffusion substrate as claimed 
in any one of claims 1 to 13, and a second gas diffusion substrate which may or may not be 

20 a substrate as claimed in any one of claims 1 to 13, and a solid polymer membrane, 
wherein an electrocatalyst layer is applied to both sides of the solid polymer membrane. 

23. A fuel cell comprising a gas diffusion substrate as claimed in any one of claims 1 
to 13. 

25 

24. A fuel cell comprising a gas diffusion electrode as claimed in any one of claims 
15 to 18. 

25. A fuel cell comprising a membrane electrode assembly as claimed in any one of 
30 claims 19 to 22. 
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Abstract of the Invention 

GAS DIFFUSION SUBSTRATE AND ELECTRODE 

An electrically conducting gas diffusion substrate, capable of removing oxidisable 
impurities from an impure gas stream, whicli comprises an electrically conducting porous 
structure and a first catalytic component, wherein the first catalytic component comprises a 
first catalyst supported on an electrically non-conducting support is disclosed. In addition, 
an electrode, a membrane electrode assembly and a fuel cell each comprising said 
electrically conducting gas diffusion substrate is disclosed. 
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Figure I 
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